Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are potentially life-threatening cutaneous and mucosal adverse reactions to drugs. Nevertheless, the connection to anticancer agents remains unclear. To provide insight into the association of such adverse reactions with anticancer agents, we analyzed the profile of anticancer agent-induced SJS and TEN in the Japanese population. Of the 9,738 SJS/TEN events recorded in a database of spontaneous reporting data, 485 (5%, further categorized as SJS, 384 events, 79%; TEN, 101 events, 21%) were identified as anticancer agent-induced, and 53 of these (11%) were fatal. Multivariate logistic regression analyses indicated that, compared with patients using other drugs, those using anticancer drugs had lower incident risk of death (hazard ratio [HR], 0.592; p = .0006), longer median time to onset of SJS/TEN (18 vs. 11 days; p < .0001; multivariate Cox regression: HR, 0.66; p < .0001), and a higher likelihood of developing SJS/TEN later than 70 days after initiation of the suspected causal agent (15% vs. 7%; p < .0001), highlighting the need for vigilance and continuous monitoring for SJS/TEN in patients treated with anticancer agents. The Oncologist 2019;24:266-272 Implications for Practice: Life-threatening skin toxicities induced by anti-cancer agents indicated significantly lower incident risk of death and longer time to onset of symptoms than for those induced by other drugs.
INTRODUCTION
Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are characterized by high fever, with cutaneous and mucosal blisters [1, 2] . The reported incidence varies from 1.2 to 6 and from 0.4 to 1.2 cases per million patientyears for SJS and TEN, respectively [3] . Despite their rare occurrence, both SJS and TEN often accompany complications involving other organs such as the liver, kidney, gastrointestinal tract, and respiratory tract [4] . Overall mortality remains significant, ranging from 1% to 12% and from 14.8% to 46% for SJS and TEN, respectively [5] [6] [7] [8] . Therefore, SJS and TEN are considered potentially life-threatening skin toxicities with significant impact on public health [5, 6, 9] .
Although many casual factors, such as infection, vaccination, and chemical exposure, are known to cause SJS/TEN [10, 11] , drug exposure remains the most common cause [12] , and over 200 drugs have been reported to be associated with SJS or TEN [13] . Frequently suspected drugs include sulfonamide antibiotics, anticonvulsants, nonsteroidal anti-inflammatory drugs, allopurinol, and corticosteroids [14] [15] [16] . Although anticancer agentinduced SJS and TEN have also been reported, there have been few systematic analyses of the reported cases [17] . Given the increasing incidence of cancer and the development of new treatments, the demand for cancer pharmaceuticals is expected to more than double over the next 10 years [18] . Consequently, it is of great relevance to understand anticancer agent-induced conditions, including life-threatening skin toxicities.
To achieve this aim, we reviewed the spontaneous reporting data collected in the Japanese Adverse Drug Event Report (JADER) database, maintained by the Pharmaceuticals and Medical Devices Agency (PMDA), which is a Japanese regulatory agency. The JADER database contains information on adverse drug reactions, organized according to four categories: demographics, drugs, drug-induced adverse reactions, and disease. Using this database, we identified drugs suspected of causing SJS or TEN and analyzed the spontaneous reporting data-based profile of SJS and TEN potentially associated with anticancer agents.
MATERIALS AND METHODS
This study was approved by institutional review board and human research ethics committee. We downloaded data from the PMDA website (http://www.info.pmda.go.jp/fukusayoudb/CsvDownload. jsp) and collected the following information: report identification number, age, sex, skin toxicity type (SJS/TEN), time to onset of skin toxicity symptoms, outcome, and names of the drugs and their indication (reason for use). Among the suspected causal agents, anticancer agents were identified based on the name and indication of the drug. According to the Japanese guidelines for TEN management, patients with skin and/or mucous membrane detachment over 10% of the body surface area were diagnosed as having TEN [19] . In the present study, patients with epidermal necrolysis over 10%-30% of the body surface area were also considered to have SJS/TEN, because the definitions of SJS and TEN overlap for such cases. A total of 289,494 reports were filed to the JADER database between April 2004 and December 2013 (based on the identification number). Among the reports filed in this period, 9,738 were identified to describe SJS/TEN events. The frequencies and descriptive statistics of relevant demographic and clinical variables were summarized. Using the t test and Fisher's exact test, respectively, the distribution of values for continuous and discrete variables were compared between patients receiving anticancer agents and those receiving other drugs. Of the 9,738 records of SJS/TEN events identified, only 8,921 contained all data of interest and were eligible for inclusion into our multivariate regression analysis. The time to onset of symptoms of lifethreatening skin toxicities was compared between the two groups (i.e., patients receiving anticancer agents vs. those receiving other drugs) using multivariate Cox regression analysis adjusted for age and sex. The relationship between death and potential risk factors, including age, sex, and time to onset of SJS/TEN, was examined based on the results of the multivariate logistic regression analysis. A two-sided p < .05 was considered to indicate statistical significance. All analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC).
RESULTS

Patient Demographics
We collected clinical information pertaining to 9,738 events of drug-induced life-threatening skin toxicity (SJS/TEN; Table 1 ). A total of 485 events (5%) were identified as being anticancer agent-induced (anticancer agent group), with 384 (79%) and 101 (21%) patients presenting with SJS and TEN, respectively. Among the 9,253 patients with skin toxicity of other etiologies (non-anticancer agent group), the incidence of SJS and TEN was 62% and 38%, respectively. Of the 1,329 SJS/TEN events (14%) that were fatal, 53 events were associated with anticancer agent-induced toxicity (53/485, 11%). In terms of affected age groups, the highest prevalence of drug-induced skin toxicity was noted among patients aged 50-79 years, and this trend did not differ between the anticancer and non-anticancer agent groups. On the other hand, in patients younger than 50 years or older than 80 years, SJS/TEN was less likely to be induced by anticancer agents than by other drugs (Fig. 1 ). As for anticancer agent-induced SJS/TEN, 78% of adverse reactions occurred in patients aged between 50 and 79 years, and only 6% occurred in patients older than 80 years.
Finally, there was a slight predominance of male patients in the anticancer agent group (male vs. female patients, 55% vs. 45%), whereas the opposite was noted in the overall cohort and in the non-anticancer agent group (47% vs. 53%, respectively, in both cases).
Association Between Patient Demographics and SJS/TEN Outcomes
The median interval of time from first drug intake to symptom onset was significantly longer in the anticancer than in the non-anticancer agent group (18 vs. 11 days, p < .0001). The trend remained statistically significant on multivariate Cox regression analysis (hazard ratio [HR], 0.66; p < .0001; Fig. 2A ) and was valid for the overall cohort as well as for the subcohorts (SJS, Fig. 2B; TEN, Fig. 2C ). Moreover, the proportion of patients who developed SJS/TEN later than 70 days after initiation of the suspected causal agent was significantly higher in the anticancer than in the nonanticancer agent group (15% vs. 7%, p < .0001; Table 1 ).
Multivariate logistic regression analysis showed that the incident risk of death was significantly lower in the anticancer than in the non-anticancer agent group (HR, 0.592; p = .0006; Table 2 ). Additionally, this risk tended to be lower in female patients than in male patients (HR, 0.78), as well as in patients for whom the median time interval between the first drug intake and the onset of symptoms was less than 4 days. However, these trends were not statistically significant (Table 2 ). Finally, the prevalence of death was higher for TEN than for SJS in every age group ( Fig. 3A ; TEN: 28/99 cases, 28.3%; SJS: 29/371 cases, 7.8%; overall, p < .001).
Although the incidence of SJS/TEN among patients older than 80 years was only 6% (Table 1) , the death rate in this age group was significantly higher than that noted in patients younger than 80 years, regardless of the type of skin toxicity (SJS: 35% vs. 5.8%, p < .0001; TEN: 73% vs. 23%, p = .0005; Fig. 3B ).
Drug Characteristics Potentially Associated with SJS/TEN
The list of anticancer drugs potentially associated with SJS/TEN is provided in supplemental online Table 1 . Information regarding the treatment duration for each drug is also included. Among the conventional cytotoxic agents and novel targeted agents reviewed, the highest number of SJS/TEN events was noted for tegafur-uracil (n = 76), followed by interferon-alpha and sorafenib tosylate.
DISCUSSION
Our finding that the time to onset of symptoms was significantly longer for events induced by anticancer agents than for those induced by other drugs indicates the need for increased vigilance and continuous monitoring for SJS and TEN in patients treated using anticancer agents. Although the algorithm for assessment of drug causality in SJS/TEN (ALDEN) suggests that late events are unlikely to be caused by the long-term use of the drug [20] , every suspected causative drug should be withdrawn when SJS or TEN occurs, as early withdrawal of the causative drug is known to be associated with improved prognosis [5] . Therefore, when SJS/TEN occurs in a patient treated with an anticancer agent, the drug should be withdrawn or the treatment should be adapted, even when such changes in the cancer treatment protocol might lead to disease progression. However, it might sometimes be difficult to stop the treatment of patients with cancer, especially when there is reduced likelihood that the anticancer agent is indeed a causal agent. As no ALDEN-related data were included in the present study, further studies are warranted to determine whether or not ALDEN can also be applied to SJS/TEN induced by anticancer agents.
We found that the incidence of SJS/TEN associated with anticancer agents was 1.24 times higher in male patients than in female patients, whereas the incidence of SJS/TEN associated with other drugs was 1.14 times higher in female patients than in male patients (p = .0002; Table 1 ). One possible reason for this discrepancy may related to Figure 1 . Relationship between age and the prevalence of lifethreatening skin toxicities. The cohort included patients with Stevens-Johnson syndrome or toxic epidermal necrolysis (n = 9,738). Age groups are defined in 10-year bands or age of more than 80 years. The highest prevalence of drug-induced skin toxicity was noted among patients aged 50-79 years, both among patients receiving anticancer agents and among those receiving non-anticancer therapeutics. In this cohort of patients with drug-induced life-threatening skin toxicity, an anticancer agent was identified as the causative drug in 5.8%, 7.9%, and 7.8% of patients aged 50-59, 60-69, and 70-79 years, respectively, compared with only 3.4% and 2.0% of patients aged above 80 years or below 50 years, respectively.
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Cancer Drug-Induced Fatal Skin Toxicities Figure 2 . Time interval between first drug intake and onset of symptoms of skin toxicity. Data are provided for the overall cohort showing drug-induced skin toxicity (A), as well as for the subcohort with SJS (B) and that with TEN (C). The cumulative incidence curve was obtained using Cox proportional-hazards regression analysis. In each cohort, the anticancer agent group showed significantly longer time to onset than that noted in the non-anticancer agent group. Abbreviations: HR, hazard ratio; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis. sex-specific differences in the incidence of cancer, with the prevalence estimated to be 1.4 times higher in male patients than in female patients [21] . In other words, it is more likely that patients receiving treatment with anticancer agents are male. Moreover, the age group of 50-79 years accounted for 78% of the incidence of SJS/TEN associated with anticancer agents recorded over the course of the studied period (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) , which is consistent with the estimated contribution of this age group to the overall cancer incidence in Japan (70%) [21] . These findings suggest that the incidence of SJS/TEN might increase with the number of patients with cancer because such patients are treated with anticancer drugs, which may act as causal agents for SJS/TEN. Meanwhile, we found that the incidence of SJS/TEN in patients with cancer older than 80 years accounted for only 6% of the overall incidence of SJS/TEN among patients treated with anticancer agents; this is lower than the incidence of cancer among individuals aged above 80 years, which is estimated to account for approximately 25% of the overall incidence of cancer [21] . It is well recognized that treatment with anticancer agents is occasionally associated with severe side effects [22] , and advanced age is considered a risk factor for increased toxicity [23] and mortality [24] , which is consistent with the findings of the current study (Fig. 3A and 3B) . Moreover, the lack of evidence-based information and the fear of toxicity associated with anticancer treatment in elderly patients is expected to negatively impact on the oncologist's decision to refer elderly patients for treatment with anticancer agents [25] . Hence, the proportion of patients treated with anticancer agents might not correlate with the higher incidence of cancer seen in patients older than 80 years of age. Therefore, the lower incidence of drug-induced SJS/TEN in elderly patients (≥80 years) treated with anticancer agents may be due to a reduced chance for such patients to be indicated for treatment with anticancer agents. However, more information from prospective studies is needed for accurate evaluation of the factors underlying the prevalence of SJS/TEN associated with anticancer agents in elderly patients.
The present finding that the incident risk of death was significantly lower in the anticancer than in the nonanticancer agent group might be related to the relative incidence of SJS compared with that of TEN, which was higher in the anticancer than in the non-anticancer agent group and which corresponds to the relative death rate associated with life-threatening skin toxicities, which is higher for TEN than for SJS [5, 6, 9, 26] . In addition, as it is already known that early withdrawal of the causative drug is associated with better prognosis [5] , it is likely that, compared with patients treated with other drugs, patients treated with anticancer agents were monitored more carefully for drug-related side effects, leading to early diagnosis of life-threatening skin toxicities, early withdrawal of the causative drug, and early initiation of treatments for SJS/TEN. Furthermore, as advanced age is considered a risk factor for increased mortality [24] , our observation that elderly patients (≥80 years) in the anticancer agent group had lower incidence of drug-induced SJS/TEN (6%) may suggest that younger patients with cancer were more likely to be indicated for treatment with anticancer agents and thus be included in the anticancer agent group. Moreover, because patients in poor general condition should not receive anticancer agents, it is possible that patients in the anticancer agent group had a relatively good general condition. However, information regarding the patients' general condition was not included in the spontaneous reporting data evaluated in the current study, and thus we could not exclude the effect of the clinical background and disease severity on the incidence of SJS/TEN.
In addition to the selection bias intrinsic to any retrospective study design, there are several limitations and potential biases related to using data from the JADER database, which collects spontaneous reporting data via a passive reporting system and does not implement any validation process. First, there is no clear indication of the total patient population for which these toxicity reports were generated. Therefore, the results of this study should be interpreted carefully. Second, Figure 3 . Relationship between age and prevalence of death in patients with anticancer agent-induced skin toxicity. Data are provided separately for SJS and TEN. Age groups are defined in 10-year bands, with the last band covering patients aged above 80 years. The prevalence of death was higher among patients with TEN than among those with SJS for each age group (A). The death rate in patients aged above 80 years was significantly higher than that noted in those aged below 80 years, regardless of the type of skin toxicity (B). Abbreviations: SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
Cancer Drug-Induced Fatal Skin Toxicities patients undergoing treatment with anticancer agents are often exposed to other drugs mainly used to treat cancer symptoms (e.g., pain medication) or side effects of treatment (e.g., antiemetic agents, antibiotic drugs), but also to drugs commonly associated with SJS/TEN, such as allopurinol, sulfonamide antibiotics, anticonvulsants, and corticosteroids. Furthermore, multiple suspected drugs may be listed per adverse event registered in the JADER database. Third, patients with cancer often have comorbidities and multiorgan involvement by the underlying disease, which add to the overall complexity of each individual case. Therefore, when a patient dies after developing SJS/TEN, the cause of death may be SJS/TEN, cancer itself, a comorbidity, or a combination of causes. Finally, the JADER reports were not sufficiently detailed (e.g., they did not include clinical, laboratory, or histological data) to facilitate an accurate diagnosis of SJS or TEN; this aspect is relevant because there are numerous other conditions presenting with blisters and skin detachment, which should be excluded as far as possible. In the specific setting of cancer and anticancer treatment, such conditions include paraneoplastic pemphigus, bullous pemphigoid, generalized bullous fixed drug eruption, erythema and detachment of the skin associated with doxorubicin and similar anticancer drugs, and extensive drug eruptions associated with targeted therapies. Taking these limitations into account, further population-based studies with clear and detailed information for diagnosis are warranted to improve our understanding of anticancer drug causality in lifethreatening skin toxicities.
Despite these limitations, the present study reviewed almost 10,000 SJS/TEN events, of which more than 5% were identified as anticancer agent-associated, representing the largest systematic investigation regarding the association of anticancer agents with life-threatening skin toxicities such as SJS or TEN. Thus, we believe that our findings carry more statistical power than those of previous studies. Importantly, although SJS/TEN associated with anticancer agents had significantly lower incident risk of death compared with that noted for SJS/TEN induced by other drugs, the death rate remains very high in patients older than 80 years. Our findings indicate that further attention is required when monitoring such patients for skin toxicities.
CONCLUSION
Higher vigilance and continuous monitoring for SJS and TEN should be applied in patients treated with anticancer agents, as the time to onset of skin toxicity symptoms is longer in these patients. Additionally, the high death rate of patients older than 80 years of age indicates that particular attention is required in their monitoring.
